ferences arise, they arl result of varying emphs fundamentally different z conceptual level.
The upper atmospher been actively studied based and space probe ol ing the past decade (4, 5) tion it is of interest to na discovered on Venus in ] the recognition of the chlorine compounds in th sphere. The possible rol the Venus atmosphere was first explored by Prinn in 1971 (7), and other studies (8-14) have increased our understanding of Venus photochemistry. Table 1 compares some of the major properties of the stratospheres of Earth and Venus. With regard to temperature and pressure the two regimes are quite similar, despite the much greater differences in these properties at low altitudes. Although the composition of the Venus atmosphere is not known as precisely as that of Earth's atmosphere, the basic features are well established. The major components are carbon dioxide (96 percent) and nitrogen (3 to 4 percent). Notably absent as a major constituent is oxygen; an upper limit of I part that can undergo repeated reactions before eventual removal from the system. Thus small concentrations can bring about large chemical changes. Although it is well known that catalysis does not alter the final equilibrium state in thermal systems, photochemical systems such as the stratosphere are strongly influenced. This is because photochemistry tends to drive the system away from thermal equilibrium, whereas catalytic effects work to restore the system to thermal equilibrium. Reactions of type 3 often involve photosensitization, with the sensitizing agent absorbing photon energy at wavelengths not absorbed directly by °2 itself. In some important cases the photon energy alone is insufficient to break the strong °2 bond, and a combination of photon energy and chemical energy is necessary to effect bond breakage. Reactions in category 4 tend to suppress the other three types of reactions, usually by converting the catalytic or photosensitizing agent to an inert form. In the following sections these reaction types are discussed individually in terms of their application to Earth and Venus.
Reactions That Make the Oxygen Bond
Reactions in this category are the essential element in the destruction of odd oxygen in an atmosphere, by both catalytic and noncatalytic processes. For that reason they have received attention in conhection with the question of ozone destruction. On Venus, in addition to destroying ozone, these processes determine the extent to which atomic oxygen formed by solar photolysis of CO2 is converted to °2 Thus they are influential in setting the equilibrium °2 concentration in the Venusian atmosphere. For a pure °2 atmosphere (no minor constituents), the noncatalytic reactions (Chapman chemistry) are: Table 1 Thus we see that catalytic 02-forming reactions are important in the Venus atmosphere and that they are the same processes which destroy odd oxygen in the earth's atmosphere. But if these processes are so efficient, why is °2 present only at trace levels on Venus? The answer lies in the effect of reactions in categories 2 to 4. In the following sections, we will discuss current thinking on these processes, and we will show that on Venus ClOX catalyzes both °2 formation and destruction.
Reactions That Inhibit Oxygen Formation
In the previous section we dealt with reactions that tend to reverse °2 photolysis that is, they recombine odd-oxygen species to form °2¢ Catalytic processes can also reverse the photolysis (that is, accelerate the recombination) of molecules other than °2, and such reactions play important roles in the terrestrial and Venusian atmospheres. They do not produce or destroy °2 and are often called net-nothing cycles. Some important examples are discussed below.
It is a well-known feature of the earth's atmosphere that the C10x-catalyzed conversion of odd oxygen to 02iS mitigated by the presence of nitric oxide (NO). The mechanism is cycle V in Table 3 , and the key reaction is C10 + NO C1 + NO2 (6) This cycle interferes with the formation of °2, which otherwise occurs when C10 reacts with atomic oxygen, as shown in Eq. 4. Inspection of cycle V shows that the photolysis of NO2 has also been reversed. Analogous catalytic processes play important roles in certain planetary atmospheres because they tend to reverse the photolysis of CO2, thereby preventing °2 formation. Some major cycles that accomplish this are cycles VI to VIII (Table 3) 
Reactions That Break the Oxygen Bond
The most important source of °2 bond breaking on Earth is the direct photolysis of °2 by solar ultraviolet at wavelengths below 242 nanometers: Table 4 . The most important bond-breaking cycle for Earth is IX. The net reaction is equivalent to oxidation of CO by °2 to form CO2 and atomic oxygen, a process that is otherwise negligibly slow at atmospheric temperatures. Thus CO is consumed by the process, and the energy released by CO exidation is, in effect, used to drive the process (by breaking the O-H bond). 
Concluding Remarks
We have discussed in a general way how catalytic cycles affect the stratospheres of Earth and Venus. Similar processes operate in other planetary atmospheres. The basic principle is that catalysis tends to restore thermal equilibrium, in opposition to solar photochemical effects, which establish thermal disequilibrium. Earth's ozone layer is an example of thermal disequilibrium produced by photochemistry, and its stable existence is important to terrestrial biology. The ClOX catalytic cycles play an important role in limiting the stratospheric ozone concentration. On Venus ClOX has a similar effect, converting odd oxygen to °2 However, the ClOX goes one step further, in concert with SO2 photosensitization, and catalyses the oxidation of CO by °2 Thus the small extent of CO2 decomposition on Venus is explained.
